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THE ELEMENTS (continued) 

lefcentages. Titanium oxide bands are prominent in the spectra of M-type stars. The element is the ninth most abundant in the crust of the earth 
is almost always present in igneous rocks and in the sediments derived from them. It occurs in the minerals rutile. ilmemte, and sphene and 
^, in titanates and m many iron ores. Deposits of ilmenite and rutile are found in Honda, CaUfomia, Tennessee, New Yoik. and elsewhete 
^ is present in the ash of coal, m plants, and in the human body. The metal was a laboratory curiosity until KroU, in 1 946. showed that titanium 
Reproduced a)ramercially by reducing titanium tetrachloride with magnesium. This method is largely used for producing the metal today The 
'UteP"nfi^''''y!''''»'nP°s'n6'heiodide.Titanium,whenpure,isalustrous,whitemetal.lth^ 
,,«Ilen. corrosion resisunce. It is ductile only whenU 

,is resistant to dihite sulfunc and hydrochloric acid, most organic acids, moist chlorine gas, and chloride solutions. Natural titanium conLs 
es with atomic masses ftom 46 to 50. All are stable. Fifteen other unstable isotopes are known. The metal is dimorphic. The hexagonal 
-es to the cubic |3 form very slowly at about 880<>C. The metal combines with oxygen at red heat, and with chlorine at 550<>C Titanium 
jruu. <^ an alloying agent with aluimnum. molybdenum, manganese, iron, and other metals. Alloys of titanium are principally used for aircraft 
jjssiieswhere lightweight strength and ability to withstand extremes of temperature are important. Titanium is as strm 
^ heavier than aluminum, but twice as strong. Titanium has potential use in desalination plants for converting sea water into fresh water The 
§ l,as excellent resistance to sea water and is used for propeller shafts, rigging, and other parts of ships exposed to salt water A titanium anode 
,ith platinum has been used to provide cathodic protection from corrosion by salt water. Titanium metal is considered to be physiologically 
,wever, titanium powder may be a carcinogenic hazard. When pure, titanium dioxide is relatively clear and has an extremely high index of 
,„ with an optical dispersion higher than diamond. It is produced anificially for use as a gemstone. but it is relatively soft. Star sapphires and 
lexhibit their astensm as a result of the presence of TiO,. Titanium dioxide is extensively used for both house pain, and attisfs paint ^ it"s 
j„, and has good covenng power. Titanium oxide pigment accounts for the largest use of the element. Titanium paint is an exceUent reflector 
ed, and is extensively used ,n solar observatories where heat causes poor seeing conditions. Titanium tetrachloride is used to iridize glass This 
nd fumes strongly in air and has been used to produce smoke screens. The price of titanium metal (99.8%) is about $550/kg 

V vJen^JT . 4 r r" T^ Jo '""^ '° "''""^ ^'^ "°- "^^^ n>.p. 3422 ± 20=C; b.p. 5555"C: sp. 

™.ce.Schee]e.ml781.foundthatanew acid could be made ftom/«ng.r.n(anamefi^^^ 

|e and Berman suggested the posstbihty of obtaining a new metal by reducing this acid. The de Elhuyar brothers found an acid in wotframL 
|3 that was Identical to the acid of m„^«.„(tungstic acid) of Scheele. and in that year they succeeded in obtaining the element by reduction of 
|id with charcoal. Tungsten occurs m wolframite, (Fe. Mn)W04; scheelite, OiWO,; huebnerite, Mn^O,- and ferberite, FeWO. Important 
p of tungsten occur in California. Colorado. South Korea. Bolivia, Russia, and Portugal. China is reported to have about 75% of tite world's 
tenreources.Natural tungsten containsfivestableisotopes. Thirty two otherunslableisotopesM^ 

'wicYnh^r';'''"^''"'*^^^^ 

gsiw. and can be forged, spun, drawn, and extruded. The impure metal is britde and can be worked only ^^^^ 

fc. ^r^f^' [^^'^'^"'^^ is ^""^ted only slighUy by most mineral acids. The thermal expansion is about the same as 

E£vii'?uS^n?r''lT 

leklnSelecS T ™^ jr^P°^^"°" «>«<='ri^'" -contact points for automobile distributors: X-ray targets; windings and 

|iummngstatesarew.delyusedmfluorescenthghting;othersaltsoft^ 

loSXg • "'"^^ 

■|m-(PlanetUrflni«).U;atwt.238.0289(l);at. no. 92; m.p.ll35°C;b.p.4131°C; sp.gr. -18.95; valence2 3 4 5 or6 Yellow coloted 
..ngmoretiianl^ 

S raJlXra!f Zwm"" " " '° P'-n'if"! '"an mercuiy. antimony, silver, or cadmium, 

sir P'^'P^" '""^ ^o"^. and can be recovered commercially from these sources Large 

^'■uin naudes on a hot filament. Uranium exhibits three crystallographic modifications as follows: 



s aheavy, siveiy-white metal which is pyrophoric when finely divided. It is a littie softer than steel, and is attacked by cold water in a finely 
LI T , ?' !' "'^"^ paramagnetic. In air, tiie metal becomes coated with a layer of oxide. Acids dissolve the metal but 
iiis 99 7ll^^l TIZ.T '"^^"V!^ ""^ ^ isomer and all of which are radioactive. Naturally occurring uran'ium 

EIo , ^ r'^*" ^'^ ° S""''^^' ^ P^^^^tage weight of^'V in natural uranium varies by 

fasai%,dependingonthesource.TheU.S.D.O.E. has adopted thevalueof0.711asbeingtheir'W,cial'>reen^^ 
toble " s"™"«n'ly radioactive to expose a photographic plate in an hour or so. Much of the internal heat of the earth is ttiought to be 
f ^-f u^i^rl'tShe/r'T'r a half-life of 4.46 x lO'years, has been used to estimate the age of igneous rocks. The 

I uranium, the highest member of the natuially occurring elements - except perfaps for tiaces of neptunium or plutonium - is not clearly 
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